The distribution and metabolism of ["Claflatoxin B1 in (9) chickens. In these studies, we found that both broilers and layers excreted approximately 90% of the`4C administered by crop intubation daily for 14 days. Significant amounts of "C were detected in the blood, liver, heart, gizzard, breast, leg, and feces. Treatment of aqueous extracts for conjugated steroids by treatment with beta-glucuronidase revealed that approximately 32% of the "C detected in the aqueous extract was a liberated glucuronide conjugate of [14C]aflatoxin M1, with the remaining '4C being uncharacterized. Aflatoxin M1 was also recently found to be the major metabolite in studies of the excretion and metabolism of orally administered aflatoxin B1 in rhesus monkeys (5).
the tissue extracts after enzymatic treatment.
Aflatoxins, secondary metabolites produced by certain strains of Aspergillus, are recognized as food and feed contaminants having worldwide significance. The ubitiquous nature of these organisms suggests a potential hazard as far as human and animal intoxications are concerned.
Results of earlier research (1) (2) (3) (4) 14) have indicated that there was no transfer of aflatoxin to edible tissues of chicken fed diets containing crude aflatoxins. However, we have recently reported the distribution and metabolism of [PC ] aflatoxin B1 in broiler (8) and layer (9) chickens. In these studies, we found that both broilers and layers excreted approximately 90% of the`4C administered by crop intubation daily for 14 days. Significant amounts of "C were detected in the blood, liver, heart, gizzard, breast, leg, and feces. Treatment of aqueous extracts for conjugated steroids by treatment with beta-glucuronidase revealed that approximately 32% of the "C detected in the aqueous extract was a liberated glucuronide conjugate of
[14C]aflatoxin M1, with the remaining '4C being uncharacterized. Aflatoxin M1 was also recently found to be the major metabolite in studies of the excretion and metabolism of orally administered aflatoxin B1 in rhesus monkeys (5) .
With the above results in mind, the present study was and layer (9) chickens, were thawed and pooled extracts of either liver, heart, gizzard, breast, leg, blood, or fecal samples were each redissolved in 30 ml of sodium acetate buffer (0.1 M, pH 4.5). These solutions were then divided into 6-ml fractions for subsequent treatment with different enzyme preparations.
Enzymatic treatment of extracts. (6) .
Characterization of [("CJB,, recovered from excreta, organs, and tissues. Enzymatic treatment of ethyl acetate fractions isolated from broiler and layer chickens with the enzymes listed above, followed by chloroform extraction, revealed that an average of 50% of the total radioactivity observed in the ethyl acetate fractions before enzyme treatment was now located in the chlorofrom extract. Values of about 40% liberation for the more specific peptide-hydrolyzing enzymes, carboxypeptidase A and leucine aminopeptidase, and 55% liberation for the less specific enzymes, pepsin and trypsin, were obtained for all of the excreta, organs, tissues, and blood fractions tested in the present study. TLC of chloroform extracts yielded faint bluish spots with Rf values of 0.18 to 0.20. When these spots were removed from TLC plates and concentrated, their absorbance maxima were identical to those described for B2a by Dutton and Heathcote (6) . Subsequent liquid scintillation spectrometry of the eluted fluorescing spots revealed that approximately 90'% of the radioactivity observed in the chloroform extract was confined to the isolated fluorescing material. A summary of the total distribution of radioactivity reported earlier for broiler (8) and layer (9) chickens, as well as of the results of the present study, is presented in Fig. 1 Mabee and Chipley (8, 9) . 7, 1972) has also shown that B2a, which is relatively harmless when taken orally, was an acute hepatotoxin whenever formed from B, by liver microsomal enzymes.
Pohland et al. (13) investigated the acid-catalyzed addition of water to the vinyl ether double bond of aflatoxin B1. The hemiacetal (B.a) produced was biologically inactive to chicken embryos and tissue cultures at concentrations substantially higher than the minimal lethal dose of B. These authors also found that B. was highly unstable, probably as a result of its existence in a phenolate form.
Patterson and Roberts (12) reported that a nicotinamide adenine dinucleotide phosphate reduced form-linked cytoplasmic enzyme system of duck liver reduced aflatoxin B1 to the cyclopentenol, aflatoxicol. Isolated liver microsomes were found to contain an enzyme that hydrates the vinyl ether double bond of aflatoxin to form its hemiacetal (B2a). They further stated that yields of hemiacetal were difficult to assess because of strong protein (or amino acid) binding, which probably involves the formation of Schiff bases with free amino groups. Aflatoxin itself and aflatoxicol reportedly were bound to protein (or amino acids) less readily than was the hemiacetal. This would account for the conjugated metabolites found in the presently reported study.
Implications. The conjugated metabolites reported in this study are examples of the "detoxication" process described by Harper (7) . In this process, toxic substances (aflatoxin B1) are converted into nontoxic forms (aflatoxin conjugates of Bla and M1) that are most efficiently removed by excretory routes by tissues. He also stated that conjugation might be accomplished by the combination of the metabolite to a variety of compounds including amino acids, glucuronic acid, "active" sulfate, and acetate. This appears to be the case in the present study.
Conjugated aflatoxins can be liberated by animal systems in the presence of the appropriate enzyme. Since aflatoxins M1 (8, 9) and B2a were successfully liberated from conjugates with liver, stomach, and pancreatic enzymes in vitro, a similar reaction could take place in tissues of animals administered aflatoxin conjugates. The liberated or unconjugated aflatoxin would probably then undergo reconjugation as a part of the detoxication process in an animal's system, resulting in possible deposition in the animal's tissues.
In a recent report, Patterson (10) has reviewed the role of metabolism as a factor in determining the toxic action of aflatoxins in different animal species. He stated that once toxin has entered liver cells, the agency causing tissue injury in a particular animal species is dictated by the rate and pattern of aflatoxin metabolism. When it is metabolized slowly, untransformed toxin is probably the active molecular species with chronic liver damage the probable result. When it is metabolized rapidly, metabolites rather than original toxin appear to be involved. He also reported that acute liver damage may be caused by the intracellular formation of aflatoxin hemiacetal (B2a) in many species.
Once again, the results of the present experiment indicate that classical nonpolar extraction procedures cannot be relied upon for the isolation and identification of aflatoxins in animal tissues.
